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We report an experimental study of Cooper pair splitting in an encapsulated graphene based multiterminal
junction in the ballistic transport regime. Our device consists of two transverse junctions, namely the super-
conductor/graphene/superconductor and the normal metal/graphene/normal metal junctions. In this case, the
electronic transport through one junction can be tuned by an applied bias along the other. We observe clear
signatures of Cooper pair splitting in the local as well as nonlocal electronic transport measurements. Our ex-
perimental data can be very well described by using a modified Octavio-Tinkham-Blonder-Klapwijk model and
a three-terminal beam splitter model.
Superconductors are a source of quantum entangled parti-
cles in the form of Cooper pairs [1]. Using a superconduc-
tor which is connected to two ferromagnetic or normal metal
electrodes, these entangled particles can be separated in space
by nonlocal Andreev reflection [2–8]. In this process, an in-
coming electron from one electrode is Andreev reflected as a
hole in the other electrode while generating a Cooper pair in
the superconductor. In the time-reversed process, a Cooper
pair from the superconductor is split between the two spa-
tially separated electrodes (Cooper pair splitting, abbreviated
CPS). These nonlocal Andreev processes have been experi-
mentally shown in ferromagnet/superconductor/ferromagnet
(FSF) [9, 10], and normal metal/superconductor/normal metal
(NSN) structures[11–13] as well as in the semiconductor
nanowire based quantum dots [14–16], and carbon nanotubes
(CNT) and graphene nanoribbons based quantum dots [17–
21] coupled to a superconductor.
Graphene is a system of interest to study nonlocal Andreev
processes, firstly, with the theoretical prediction and experi-
mental observation of the specular Andreev reflections in the
low energy regime [22–27], and secondly, due to its highly
tunable nature [28, 29]. Single layer graphene is proposed
to exhibit nonlocal Andreev processes by taking advantage of
its unique electronic band structure and local tuning of the
Fermi level [30–32]. With the improvements in device fab-
rication techniques [33, 34], high quality graphene based su-
perconducting devices have been realized [35–41]. Nonlocal
Andreev processes were experimentally demonstrated in the
encapsulated graphene system by exploiting the chiral nature
of the edge states in the quantum Hall regime [42–45]. Re-
cently, CPS has been demonstrated in a vertical double bi-
layer graphene system [46]. A drawback of CPS via nonlocal
Andreev reflection, however, is the exponential suppression
of the process as a function of the contact separation on the
length scale of the coherence length.
In this letter, we show the experimental observation of
CPS in a hexagonal boron nitride (h-BN) encapsulated sin-
gle layer graphene device which is connected to two super-
conductors on its parallel edges and to two normal metal
electrodes on the other two transverse edges. As a re-
sult, two transverse junctions are formed, namely the su-
perconductor/graphene/superconductor (SGS) and the normal
FIG. 1. (a) Schematic of the device geometry. (b) Cross-section
schematic of the device across the dashed line shown in (a). (c) False
color atomic force micrograph of the studied device showing the nor-
mal (N) and superconducting (S) electrodes. Scale bar is 1 µm. The
area enclosed by the white dashed lines shows the top gate electrode,
and the central area enclosed by the black dotted line shows roughly
the h-BN encapsulated graphene.
metal/graphene/normal metal (NGN) junctions. Due to a dif-
ference in the doping density across the two junctions, po-
tential barriers are generated in the graphene channel which
act as electronic beam splitters for CPS, similar to the one
proposed by Bouchiat et. al. [7] for the case of single walled
carbon nanotube. We employ a modified Octavio-Tinkham-
Blonder-Klapwijk (OTBK) model [47–51] along with a three-
terminal beam splitter model to explain our experimental ob-
servation. The advantage of this implementation is that the
Andreev reflection takes place locally at a single interface, and
is not limited by contact spacing.
We have used the dry transfer technique for the fabrica-
tion of h-BN/graphene/h-BN van der Waals heterostructure
which is similar to the one described in Wang et al. [34]. Edge
contacts to the encapsulated graphene layer were established
in a self-aligned manner as described in Kraft et al. [39],
and adapted for two different contact materials in Pandey et
al. [51]. Details of the devices are shown in the Supplemental
Material [52]. The device schematics are shown in Fig. 1(a)
and (b), and the false color atomic force micrograph is shown
in Fig. 1(c). The SGS and NGN junctions have the dimensions
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2FIG. 2. Gate dependent resistance of the device across the
(a) Superconductor/graphene/superconductor (SGS) junction (inset:
Fabry-Pe´rot resonances in the p-doped regime), and (b) normal
metal/graphene/normal metal (NGN) junction in the normal state. (c)
Four-terminal or SGS measurement configuration. (d) Local differ-
ential conductance dIbias/dVbias map across the SGS junction in the
superconducting state at Vg =−2.7 V and T = 20 mK under the zero
magnetic field in the SGS configuration. (e) Three-terminal or NGS
measurement configuration. (f) Nonlocal differential conductance
dICtrl/dVbias map across the SGS junction in the superconducting
state at Vg = −2.7 V and T = 20 mK without any magnetic field in
the NGS measurement configuration.
L=0.36 µm and W=0.47 µm, and L=1 µm and W=0.36 µm,
respectively, where L is the length of the graphene channel
between the electrodes and W is the width of the graphene
channel along the electrodes. The sample was mounted in a
shielded box attached to the mixing chamber of a dilution re-
frigerator. Measurement lines were fed through a series of
filters to avoid spurious heating by thermal photons or high-
frequency interference. Transport measurements were carried
out with the standard low-frequency lock-in detection tech-
nique.
Fig. 2(a) and (b) show the gate dependent resistance of the
device across the SGS and NGN junctions, respectively, in the
normal state at T = 6 K. We observe that the charge neutrality
point (CNP) is shifted to the negative gate voltages for both of
the junctions which indicates n-type doping of the graphene
sheet. The reason for the n-type doping is the charge transfer
from the metal contacts which also results in the formation of
a potential barrier when the Fermi level of graphene is tuned
in the valence band [53–55]. Since graphene is doped n-type
by the metal contacts, pn-junctions form in the vicinity of the
graphene/metal interface when the Fermi level is driven into
the hole-doped regime. As a result, an electronic Fabry-Pe´rot
(FP) cavity is formed which manifests itself in the form of pe-
riodic oscillations in the conductance/resistance of graphene,
known as the FP resonances, when the charge transport is in
the ballistic regime. These resonances can be clearly observed
in the p-doped region in the SGS junction as shown in the inset
in Fig. 2(a). It clearly indicates that the charge transport in the
SGS junction is in the ballistic regime. Additional details on
the FP resonances is provided in the Supplemental Material
[52]. An important point to note is that the two junctions have
different doping densities as the CNP for the SGS junction is
at the gate voltage Vg = −2.6 V while the CNP for the NGN
junction is at Vg = −1.8 V. It indicates that the SGS junction
is heavily n-doped as compared to the NGN junction. Since
the transport across the NGN junction includes the contribu-
tion from the SGS junction, it implies that the doping profile
along the NGN junction consists of three different regions.
In this case, the central graphene region has a different dop-
ing density than the two outer regions. It also suggests that
apart from the potential barriers at the metal/graphene inter-
face, there are additional potential barriers along the length of
the graphene sheet across the NGN junction. It is to be noted
that these barriers are expected to be very smooth, in contrast
to the gate-defined potential barriers [56–58], and therefore,
angle dependent transmission due to the Klein tunneling in
single layer graphene [24, 59] is expected to modify the trans-
mission in the NGN junction.
We study the Andreev processes in our device in two mea-
surement configurations, namely the four-terminal or SGS and
the three-terminal or NGS configurations. Fig. 2(c) shows the
SGS measurement configuration where the bias voltage Vbias
is applied across the SGS junction while the control voltage
VCtrl is applied across the NGN junction. Fig. 2(d) shows
the local differential conductance dIbias/dVbias map across the
SGS junction obtained in the four-terminal configuration at
Vg = −2.7 V (close to the CNP of the SGS junction) and
T = 20 mK under the zero magnetic field. Note that the
Vbias and VCtrl are normalized with the superconducting gap
∆. The vertical features appearing at eVbias/∆ = ±1 and ±2
can be assigned to the multiple Andreev reflections in the SGS
junction as they appear to be independent of VCtrl. However,
there are additional conductance features that can be clearly
observed in the map. First is the splitted diamond-like pat-
tern that can be observed throughout the entire measurement
range. Second are the distinct cross-like features which can
be observed in the region |eVbias/∆| ≤ 1 and |eVCtrl/∆| ≤ 2,
and third, a vertical conductance ridge at |eVbias/∆|= 0 when
|eVCtrl/∆| ≥ 2. All of these features are tuned by the Vbias
3FIG. 3. (a) Schematics of the model showing local (solid) and nonlo-
cal (dashed) transport channels. (b) Three-terminal beam splitter for
the nonlocal transport channels as shown in (a) along with the distri-
bution functions. t, l and r stand for top, left and right, respectively.
Differential conductance maps generated with the model: local dif-
ferential conductance dIbias/dVbias map in the SGS measurement
configuration: (c) without, and (d) with the guidelines, and nonlocal
differential conductance dICtrl/dVbias map in the NGS measurement
configuration: (e) without, and (f) with the guidelines.
and VCtrl. Given the multiterminal geometry of our device, it
suggests that there could be other Andreev processes taking
place in the system [60]. Next, we employ the three-terminal
measurement configuration as shown in Fig. 2(e) where Vbias
is applied across one of the NGS junctions while VCtrl is ap-
plied across the SGS junction. The S terminal which is out-
side the bias circuit and involved only in the control circuit
is labeled S′ for the sake of clarity. We measure the nonlo-
cal differential conductance dICtrl/dVbias across the SGS junc-
tion under the same measurement conditions as for the data
shown in Fig. 2(d). The resulting dICtrl/dVbias map is shown
in Fig. 2(f). We observe nearly vertical features that could be
assigned to the direct transport in the bias circuit and nearly
horizontal features that could come from the direct transport
in the control circuit. Similar to the data shown in Fig. 2(d),
there are other clearly observable conductance features that
are influenced by the Vbias and VCtrl, both.
In order to interpret the experimental data, we em-
ploy a modified Octavio-Tinkham-Blonder-Klapwijk (OTBK)
model [47–51] for the transport between each pair of termi-
nals, as indicated by the solid lines in Fig. 3(a). To account
for nonlocal transport processes, we include a beam splitter
model in addition to the two-terminal contributions. The beam
splitters in our device are expected to form due to interfaces
between regions of different doping densities where Klein tun-
neling leads to an angle-dependent partial transmission and
reflection [24, 59]. Given the geometry of our device, nonlo-
cal Andreev processes that involve both of the S terminals and
one N terminal are most likely to take place. From the pair-
wise two-terminal resistances measured in the normal state,
we know that the device is highly asymmetric with respect to
the four corners, especially near the Dirac point. To incor-
porate nonlocal processes and the asymmetry of the device
at the same time, we model four beam splitters which follow
the four corners of the device, as indicated by dashed lines
in Fig 3(a). As an example, the beam splitter in the top left
corner is shown in detail in Fig. 3(b). To follow the corner, an
electron from the top N terminal can be transmitted only to the
left S terminal, with probability τtl. An electron from the right
S terminal can be transmitted with probability τlr = 1− τtl to
the left terminal. For simplicity, we assume that there is no
reflection back to the left terminal. It is to be noted that the
beam splitters also contribute to the local processes between
the NS and SS terminals. Therefore, the model also includes
nonlocal MAR processes where an initial nonlocal Andreev
process starts a MAR cycle between the two superconductors.
The model is described in detail in the Supplemental Material
[52].
Fig. 3(c) and (d) show the dIbias/dVbias maps without and
with the guidelines, respectively, as generated with the model
for the SGS measurement configuration and corresponding
to the experimental data shown in Fig. 2(d). The transmis-
sion coefficients at the superconducting terminals were cho-
sen to be 0.72 while they were 0.7 at the normal metal termi-
nals. Comparing Fig. 2(d) with 3(c), it can be readily seen
that the experimental data and the model are in very good
agreement. To interpret the observed conductance features,
we compare Fig. 2(d) with 3(d). As expected, the vertical
conductance features at eVbias/∆ = ±1 and ±2 (marked SS
in Fig. 3(d)) appear due to the direct transport between the
two superconductors. The diamond-like feature (marked NS
in Fig. 3(d)) appears because of the transport across the NGS
corners of the device. The splitting spread of this feature re-
sults from the asymmetry of the corner contacts. Most inter-
esting are the cross-like features which appear in the region
|eVbias/∆| ≤ 1 and |eVCtrl/∆| ≤ 2, and the vertical conduc-
tance ridge at |eVbias/∆|= 0 when |eVCtrl/∆| ≥ 2 (marked CPS
in Fig. 3(d)). These features appear as a result of the nonlocal
transport involving the N and S terminals. While the cross-
like features can be unambiguously assigned to the Cooper
pair splitting, the vertical conductance ridge remains slightly
ambiguous due to the possibility of a very weak supercurrent
flowing through the SGS junction. It is to be noted that the
measurements were conducted close to the CNP of the SGS
junction where the resistance of the graphene channel is very
high, as can be seen in Fig. 2(a). Therefore, the magnitude
4FIG. 4. Bias conditions for the observation of nonlocal Andreev pro-
cesses. In the SGS configuration at (a) VCtrl = 0 and (b) Vbias = 0, and
(c) in the NGS configuration. µ represents the chemical potential of
the respective terminal. Filled and empty circles denote the electrons
and holes, respectively.
of the supercurrent is too small to be measured, however, its
contribution can not be completely ruled out.
Fig. 3(e) shows the dICtrl/dVbias map for the NGS configu-
ration as generated with the model which corresponds to the
experimental data shown in Fig. 2(f), while Fig. 3(f) shows the
same map but with the guidelines. Comparing Fig. 2(f) with
3(e), we can see that there is a qualitative agreement between
the experimental data and the model. It is to be noted that the
experimental measurement in the NGS configuration was two-
probe instead of the pseudo four-probe as in the SGS config-
uration. As a result, the experimental data includes the series
resistances from the filters in the measurement lines. There-
fore, the comparison between the experimental data and the
model in the NGS configuration is only qualitative. Fig. 2(f)
and 3(f) can be compared for the interpretation of the various
conductance features. There are three different sets of features
which appear due to the direct transport in the device, namely
the nearly vertical ones due to the transport across the bias
junction (marked NS in Fig. 3(f)), the nearly horizontal fea-
tures due to the transport across the control junction (marked
SS′ in Fig. 3(f)), and the features with negative contribution
which appear due to the transport across the NGS′ junction
(marked NS′ in Fig. 3(f)). In this case too, we clearly observe
the conductance features (marked CPS in Fig. 3(f)) which ap-
pear only due to the nonlocal Andreev process in the device.
As seen in Fig. 2(d) and (f), the nonlocal Andreev processes
appear in a certain Vbias and VCtrl range. The onset of these
processes can be explained by considering the energy thresh-
olds. For the SGS configuration at VCtrl = 0, the threshold for
the onset of nonlocal Andreev process is at eVbias = 2∆/3 as
shown in Fig 4(a). In this case, an electron which incidents
from the normal metal is Andreev reflected at the left super-
conductor while the resulting hole enters the right supercon-
ductor. On the other hand, for a hole which incidents from
the normal metal onto the right superconductor, the Andreev
reflected electron enters the left superconductor. As soon as
|VCtrl| > 0, the threshold for Vbias changes and this results in
the cross-shaped feature observed in Fig. 2(d) in the region
|eVbias/∆| ≤ 1 and |eVCtrl/∆| ≤ 2. For the condition Vbias = 0
in the SGS configuration, the nonlocal Andreev reflection is
enabled as soon as eVCtrl ≥ 2∆ as illustrated in Fig. 4(b). This
is seen as the vertical conductance ridge in Fig. 2(d) in the re-
gion |eVbias/∆|= 0 when |eVCtrl/∆| ≥ 2. Due to a peak in the
Andreev reflection probability at ε = ∆, a conductance peak
is observed when the gap features of the two superconductors
are aligned with each other. In the NGS configuration, the
nonlocal Andreev process is enabled when eVbias + eVCtrl = ∆
as shown in Fig. 4(c) and results in the conductance feature
observed in Fig. 2(f).
Our model is agnostic to the actual implementation of the
beam splitters in the device. Possible candidates are: 1. pn
junctions between different doping levels across the NGN and
SGS junction as evidenced by the different positions of the
Dirac points in Figs. 2(a) and 2(b), 2. the pn-junctions near
the superconducting interfaces which give rise to the FP cav-
ity, and 3. more complicated doping inhomogeneities near the
Dirac point as evidenced by the conductance asymmetry in
the normal state (see also Supplemental Material). Our con-
clusions about the bias thresholds for CPS are however inde-
pendent of this detail.
To conclude, we have shown the experimental observation
of CPS in a multiterminal graphene device in the ballistic
regime. Our device takes advantage of its simple geometry
with two different transverse junctions and tunable doping
profile across the graphene channel to split the Cooper pair.
Furthermore, the signature of CPS is clearly observed in the
local as well as nonlocal differential conductance measure-
ments. The experimental observation is very well supported
by the modified OTBK model and the three-terminal beam
splitter model. Our work shows an experimentally accessible
way to achieve and control the spatially separated quantum
entangled particles in graphene by using the local tuning of
the Fermi level and the angle dependent transmission through
the potential barriers.
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I. DEVICE FABRICATION METHODS
h-BN crystallites (∼ 28 and∼ 18 nm thick for the top and bottom h-BN layer, respectively) and
single layer graphene were exfoliated from the commercially available h-BN powder (Momen-
tive, grade PT110) and natural graphite (NGS Naturgraphit GmbH), respectively, on Si substrates
with 300 nm thick SiO2 layer. The h-BN/graphene/h-BN heterostructure was fabricated by the
dry transfer method similar to the transfer technique shown by Wang et. al. 1. The fabricated
heterostructure was then transferred on a Si substrate with 1000 nm thick SiO2 layer. The encap-
sulated graphene layer was connected to the metal electrodes on its edges in a self-aligned manner
as described in Kraft et al. 2, and adapted for two different contact materials in Pandey et al. 3. We
have used Ti/Al (5 and 60 nm, respectively) for the superconducting electrodes and Ti/Cu/Al (5,
80 and 5 nm, respectively) for the normal electrodes. For the fabrication of the top gate electrode,
a 25 nm thick Al2O3 layer was deposited by using atomic layer deposition. It was followed by the
metallization for the top gate electrode made of Ti/Cu/Al (5, 100 and 5 nm, respectively). The Ti
layer serves as an adhesive layer for all of the electrodes while the thin Al layer in the normal metal
and gate electrodes serves as the capping layer to protect the underlying Cu layer from oxidation.
II. BALLISTIC TRANSPORT
Fig. 1 shows the checkerboard conductance pattern indicating the Fabry-Pe´rot (FP) resonances
across the SGS junction as tuned by the gate voltage Vg and bias voltage Vbias. Since the conduc-
tance of the device varies strongly with Vg and Vbias, a non-oscillating background conductance
was subtracted to enhance the visibility of the conductance oscillations. The length LC of the
electronic FP cavity can be calculated with the expression kfLC = Npi for normal incidence of
the charge carriers at the graphene/metal interface, here kf is the Fermi wavevector and N is an
integer. kf can be tuned by Vg as per the relation kf =
√
npi , where n is the charge carrier density
given as n = αgVg with αg being the gate coupling efficiency. LC is found to be 353± 3 nm with
αg = 3.496 x 1011 V−1cm−2 (αg is determined with the Shubnikov de Haas oscillations). Since LC
agrees with the graphene channel length across the SGS junction, it is evident that the observed
conductance oscillations are occurring due to the FP interferences where the pn-junctions forming
at the graphene/metal interfaces act as the partially transmitting interfaces of the cavity. It serves
as a proof that the charge transport across the SGS junction is in the ballistic regime.
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FIG. 1. Fabry-Pe´rot resonances observed as the conductance oscillations across the SGS junction as a
function of the gate voltage Vg and bias voltage Vbias.
III. MODEL
We model the system with graphene being a multichannel conductor which is connected to
four different terminals as shown in Fig. 2(a), the superconducting (S) terminals on the left and
right (labeled l and r), and the normal metal (N) terminals on the top and bottom (labeled t and b).
These terminals have the transmission probabilities τl,τr,τt and τb, respectively. We account for
the local or direct transport processes by considering that the terminals are connected with ideal
conductors (shown as solid lines in Fig. 2(a)), while the nonlocal transport processes are addressed
by employing the three-terminal beam splitters (shown with dashed lines in Fig. 2(a) and (b)).
The number of transport channels for each of the conductors are accounted by the parametric
conductance Gα β where α , β denote the terminals. It results in six independent conductances that
allows us to model the device in a realistic sense by taking into account the asymmetry between
the various graphene/metal contact interfaces. We use the generalized Blonder-Tinkham-Klapwijk
(BTK)4–6 model for modeling the superconducting interfaces, identical to the one used for the two-
terminal normal metal/graphene/superconductor junctions by Pandey et al. 3. A modified Octavio-
Tinkham-Blonder-Klapwijk (OTBK) model7 is employed to address the transport through the NS
3
FIG. 2. (a) Schematics of the model showing the local (solid) and nonlocal (dashed) transport channels. t, l,
r and b stand for top, left, right, and bottom, respectively. (b) Three-terminal beam splitter for the nonlocal
transport channels as shown in (a) along with the distribution functions. Note that these are the same figures
as Fig. 3(a) and (b) in the main text.
connections with one superconducting electrode as discussed in Pandey et al. 3.
Using this approach, the transport through the beam splitter, which accounts for the nonlocal
processes, can be described by the distribution functions as shown in Fig. 2(b). Here, f in and f out
denote the incoming and outgoing distribution functions in the branches of the beam splitter. For
simplicity, we assume that there is no backscattering from the beam splitter into the left super-
conducting terminal, and that there is no direct transmission between the top and right terminals.
The transmissions are constrained by the conservation of probability, and we are left with a sin-
gle parameter r = 1− τlr = τtl . The distribution functions in the beam splitter can be described
according to the matrix given below
f outl
f outr
f outt
 =

0 1− r r
1− r r 0
r 0 1− r


f inl
f inr
f int
 (1)
Analogous to the OTBK model, the boundary condition for the distribution functions at the super-
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conducting terminal α , which is held at a chemical potential µ , can be given as:
f inα (ε) = Tα(ε−µα) f0(ε−µα)+Rα(ε−µα) f outα (ε)
+Aα(ε−µα)(1− f outα (−ε+2µα)). (2)
Here Tα , Rα and Aα show the normal transmission, normal reflection and Andreev reflection
coefficients as obtained from the BTK model. In a similar way, the boundary conditions at the
normal terminal γ can be expressed by inserting Tγ = τγ , Rγ = 1− τγ and Aγ = 0 in Eq. (2). A
coupled equation system is obtained by inserting Eq. (2) into (1). Finally, the current in each
branch of the beam splitter can be calculated as:
Iα = fnss
Gαβ
e
∫
( f inα − f outα )dε. (3)
Here α and β denote the beam splitter branches, fnss is a fit parameter to scale the nonlocal
processes relative to the local processes and Gαβ gives the two-terminal conductance. While the
local processes between the NS and SS terminals are included in the model, they are weighed
differently due to the finite transmission through the beam splitter. In addition, the model also
includes the nonlocal multiple Andreev reflection (MAR) processes where the MAR cycle between
the SS terminals begins due to an initial nonlocal Andreev process.
The model is reduced to a conductance matrix in the normal state as described below:
Il
Ir
It
Ib
 =

Gll Glr Gtl Gbl
Glr Grr Gtr Gbr
Gtl Gtr Gtt Gtb
Gbl Gbr Gtb Gbb


µl
µr
µt
µb
 (4)
where diagonal elements in this matrix are given as:
Gαα =−∑β 6=α Gαβ (5)
It should be noted that the conductance parameters Gαβ are not the same as the two-terminal para-
metric conductance Gαβ in Eq. (3). The conductance parameters Gαβ take into account the finite
transmission probabilities of the interfaces and additional contribution from the beam splitters.
5
The six independent off-diagonal elements in Eq. (4) can be determined by measuring the six two-
probe resistances Rαβ in the normal state. Eq. (4) is then solved for Iγ = 0 and Iδ = 0, where γ and
δ denote the floating terminals in the two-probe measurement.
For simplicity, we have kept the ratios r and fnss equal for all four beam splitters. We have also
set τl = τr = τS, and τt = τb = τN. Including the conductance parameters Gαβ , this leaves us with
10 parameters. An arbitrary set of six parameters can be constrained by the measurements of the
six normal-state two-terminal resistances for a given gate voltage. With this constraint, the posi-
tions of all the lines in the conductance maps are fixed, and practically independent of the choice of
the remaing four free parameters. We have determined the parameters as follows: In the p-doped
regime, transport between the superconducting terminals is dominated by the corners (as can be
inferred from the normal-state resistances). Therefore, we have set Glr = 0. τS can be determined
quite accurately from the relative weight of the MAR features. In our previous work on similar
two-terminal NGS structures, we have found τN ∼ 0.6− 0.7 in the p-doped regime3. Since the
current maps do not depend much on τN, we have simply chosen τN = 0.7. Finally, r was chosen
to give a good representation of the small cross-shaped CPS features. The remaining parameters
are then constrained. We have also tried to obtain better overall fits using joint least-square fits of
several line traces. In addition, we have experimented with lifting the resistrictions outlined above.
However, since the weight of the CPS features is quite small, they are not reproduced well by a fit,
and the parameters do not change much compared to the ones we chose by hand.
Vg (V) Glr Gtb Gtl Gtr Gbl Gbr τS τN fnss r
-2.7 0∗ 1.22 3.67 2.38 4.57 6.09 0.72∗ 0.7∗ 0.45 0.6∗
-5.5 0∗ 17.52 5.57 4.84 4.63 5.01 0.76∗ 0.7∗ 0.73 0.47∗
TABLE I. Modeling parameters for the data for two different gate voltages. Conductances Gαβ are in the
units of e2/h. Parameters marked with star were chosen to model the experimental data while the others
were determined from the two-probe resistances of the device in the normal state.
Fig. 3 shows the line traces of the measured experimental data in the SGS measurement con-
figuration in the vicinity of the Dirac point of the SGS junction at Vg =−2.7 V and in the p-doped
regime at Vg =−5.5 V along with the curves generated from the model. Note that Fig. 3(a), (b) and
(c) correspond to the line traces of the data shown in the local differential conductance maps (mea-
sured experimentally and generated with the model) in the main text. The modeling parameters
for the data are given in Table I. It can be readily seen that the model provides a very good fit of the
experimental data, except for the oscillatory features at small bias and Vctrl = 0. The sharp peak at
6
FIG. 3. Line traces of the measured local differential conductance dIbias/dVbias in the SGS measurement
configuration at Vg = −2.7 V corresponding to the electronic transport in the vicinity of the SGS Dirac
point (panel (a), (b) and (c),) and T = 20 mK, and in the p-doped regime at Vg = −5.5 V and T = 50 mK
(panel (d), (e) and (f)) along with the curves generated from the model at three different Vctrl values and zero
magnetic field.
zero bias is due to a small supercurrent between the two S terminals which is not accounted for by
the model. The sharp oscillatory features at finite bias are attributed to self-induced Shapiro steps.
We have also mapped the supercurrent as a function of gate voltage (not shown), and found that
the Shapiro features appear at fixed voltage spacings, and generally scale with the magnitude of
the critical current. Like the MAR features, the Shapiro features only depend on the bias between
the superconducting electrodes, and can therefore not be confused with the CPS features, which
also depend on Vctrl.
Fig. 4(a) shows the local differential conductance map experimentally measured at Vg =−5.5 V,
T = 50 mK under zero magnetic field in the SGS configuration. Fig. 4 (b) and (c) show the map
generated with the model for the same measurement conditions as in (a) without and with the
guidelines, respectively. As can be seen by comparing Fig. 4(a) and (c), we observe the conduc-
7
FIG. 4. Local differential conductance maps, (a) experimentally measured and (b) generated with the model,
in the SGS configuration at Vg = −5.5 V, T = 50 mK under zero magnetic field. (c) Same map as shown
in (b) but with the guidelines for interpretation. Nonlocal differential conductance maps, (d) experimen-
tally measured and (e) generated with the model, in the NGS configuration under the same measurement
conditions as in (a). (f) shows the same map as in (e) with the guidelines.
tance features due to (i) the electronic transport across the NGS corners of the device (marked
NS), (ii) MAR taking place in the SGS junction (marked SS), and (iii) nonlocal transport due to
the Cooper pair splitting (marked CPS). Note that the CPS features observed in the experimental
data (Fig. 4(a)) suffer in terms of visibility due to the larger supercurrent-related features at this
gate voltage. However, all of the conductance features can be directly compared with the data
shown in the main text for Vg = −2.7 V which tells us that the observed conductance features
are robust and can be very well explained with our model. For completeness, Fig. 4(d) shows the
nonlocal differential conductance map measured under the same conditions as Fig. 4(a) but in the
NGS configuration. Fig. 4(e) and (f) show the maps generated with the model for the measurement
conditions in (d) without and with the guidelines, respectively. Similar to the local differential con-
ductance maps, these nonlocal differential conductance maps can also be easily compared with the
data shown in the main text.
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FIG. 5. Gate dependence of the Cooper pair splitting process close to the charge neutrality point of the SGS
junction at (a) Vg = -2.3 V, (b) -2.5 V, (c) -2.6 V, (d) -2.7 V.
IV. GATE DEPENDENCE OF THE COOPER PAIR SPLITTING
Here we show the gate dependence of the CPS process in our device. As shown in the main
text, the conductance features due to the CPS appear in the low bias regime. It is to be noted that
the electronic transport in the low bias regime is mainly tuned by the proximity induced supercon-
ductivity in the SGS junction, however, the overall conductance of the graphene channel is tuned
by the applied gate voltage. Fig. 5 shows the evolution of the conductance features due to the CPS
process close to the charge neutrality point (CNP) of the SGS junction. As shown in Fig. 5(a),
the SGS junction shows the sign of supercurrent (corresponding to the vertical conductance fea-
ture at zero Vbias in the regime |eVCtrl/∆| < 2) as well as other conductance features related to
the supercurrent (appearing as various vertical conductance features in the low bias regime in the
region |eVbias/∆| < 1) at Vg = −2.3 V (n-doped SGS channel corresponding to an overall higher
conductance). Therefore, the conductance features due to the CPS process cannot be clearly dis-
9
FIG. 6. Gate dependence of the Cooper pair splitting process in the p-doped regime at (a) Vg = -2.85 V, (b)
-3.25 V, (c) -3.5 V, (d) -4.5 V, (e) -5.5 V, (f) -10 V.
tinguished, however, these features become clearly distinguishable as we approach the CNP of
the SGS junction as observed in Fig. 5(b), (c) and (d). The role played by the conductance of the
graphene channel becomes even clearer as we observe the evolution of the CPS features across
the CNP into the p-doped regime shown in Fig. 6. It is clear that the CPS features can be clearly
observed in Fig. 6(a) and (b) that correspond to the region close to the CNP. These features can
10
FIG. 7. Temperature dependence of the Cooper pair splitting process close to the CNP of the SGS junction
at Vg = −2.68 V and under zero magnetic field for (a) T = 20 mK, (b) T = 100 mK, (c) T = 200 mK, (d)
T = 300 mK, (e) T = 400 mK, (f) T = 500 mK. Note that the data was collected in a reduced range at
T = 20 mK.
still be observed in Fig. 6(c), (d) and (e), however, they start to suffer in terms of visibility with the
increasing gate voltage, and cannot be distinguished from the background in the high hole-doped
regime as seen in Fig. 6(f) at Vg = −10 V. Note that the data in Fig. 6(f) was collected in smaller
Vbias and VCtrl ranges as compared to the other maps.
V. TEMPERATURE DEPENDENCE OF THE COOPER PAIR SPLITTING
Fig. 7 shows the evolution of the CPS conductance features in the vicinity of the CNP of the
SGS junction at Vg =−2.68 V under zero magnetic field with the temperature increasing from 20
mK to 500 mK. Note that the superconductor electrodes used in this device are made of Ti/Al with
a superconducting critical temperature TC ∼ 900 mK. It can be clearly seen that the cross shaped
feature in the low bias regime appearing due to the CPS process is clearly observable at 20 mK and
100 mK. While this feature is identifiable as a weak shadow at 200 mK, it becomes completely
indistinguishable from the background at 300 mK. This behavior is attributed to the thermal broad-
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ening of the gap features resulting in the enhanced background conductance, and hence rendering
the cross-shaped features indistinguishable. On the other hand, the vertical conductance ridge ap-
pearing at zero bias in the regime |eVCtrl/∆|> 2 is clearly identifiable in the measured temperature
range. This feature is robust since the conditions for its appearance are satisfied as long as the
device is in the superconducting state (shown in the main text) and it does not suffer from the
thermal broadening as severely as the cross shaped feature.
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